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SERIES OFAIRPLAEEMODELS HAVING TKCANGULAR 

OBMODIFIEDTRIANGDLARWINGS 

By David Grahsm 

SUMMARY 

. 

This report summarizes the lift and drag characteristics of a series 
of five low-aspect-ratio triangular-wing or modified trisngulsr-wing 
airplane models. The series consists of three triangular wings of aspect 
ratios 2, 3, and 4, and two modified triangular wings of aspect ratio 2 
having taper ratios of 0.20 and 0.33. Each of the wings was tested in 
combina.tion with a high-fineness-ratio fuselage, a triangular vertical 
tail, and an unswept, all-movable horizontal tail. The Reynolds number 
of the tests varied from approximately ll million for the aspect ratio 4 
triangular wing to 15 million for the aspect ratio 2 triangular wing. 
The dynamic pressure of the tests was approximately 25 pounds per square 
foot and the Mach number was 0.13. 

The experimental lift and drag chsracteristics of the five models 
are compared with existing theory. The relative merits of the models 
with respect to wing loading attainable for a given set of lsnding con- 
ditions are investigated. 

The results of a comparison of the lift snd drag characteristics 
of the five models indicate the following: 

1. The effects of aspect ratio and taper ratio on the lift-curve 
slope at zero lift were as predicted by theory, and theory can be used 
to predict the lift-curve slope at zero lift for the subject wings and 
the increments of lift due to flap deflection at zero angle of attack 
for the aspect ratio 3 and 4 wings. For-the aspect ratio 2 wings, the 
experimental increments of lift due to flap deflection were about 20 per- 

- cent higher than the computed increments. 

. 
2. The experimental variation of drag due to lift for the wings 

with undeflected flaps and the variations given by inviscid potential- 
flow theory were in gocd agreement only up to lift coefficients of about 
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theory are in closer agreement. Deflecting the flaps resulted in large 
decreases in drag at these higher lift coefficients which are of interest 
for low-speed flight. 

. 

. 
A comparison of the five models on 'the basis of wing loadings indi- 

cates that the choice of a plan form that could carry the highest wing 
loading for any given landing speed would depend on the maximum permis- 
sible ground attitude. Another factor that influences this comparison 
is the fact that the ground effect for the triangular wings increases 
significantly with decreasing aspect ratio. 

INTRODUCTION 

The low-speed aerodynamic characteristics at high Reynolds number 
of a systematic series of airplane models having wings of triangular and 
modified triangular plan forms have been reported in detail in references 
1 to 6. Three triangular-wing models employing wings of aspect ratios 
2, 3, and 4 were investigated to determine the effect of aspect ratio. 
The triangular wing of aspect ratio 2 together with two modified tri- 
angular wings having aspect ratios of 2 and taper ratios of 0.20 and 0.33 
were used to determine the effect of taper ratio at a constant aspect 
ratio. Each of these wings was-tested in combination with a high- 
fYneness-ratio fuselage, a triangular vertical tail, and an unswept all- 
movable horizontal tail. 

The results of tests of each of the five models were generally m 
reported separately and without analysis of the results in order to 
expedite their publication. There is a need, therefore,.for a summari- 
zation of the results, an evaluation of the relative merits of the models . 
from the standpoint of their low-speed characteristics, and a determina- 
tion of the applicability of theory for the prediction of the character- 
istics of similar models. It is the purpose of this report to accomplish 
the foregoing objective with respect to the lift and drag characteristics 
of the models. Some pitching-moment data are included herein, although 
it is not the purpose of this report to summar ize and discuss the stabil- 
ity of the models. _-._ -. - 

NOTATION 

A b' aspect ratio, s -.- 

b -g span, ft I AY 

bt horizontal-tail span, ft *:.i 

C wing chord, measured parallel to plane of symmetry, ft 
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mean aerodynamic chord of wing, measured parallel to plane of 

w=trY, 
lobI c2d.y 

2 ft 

drag coefficient, $ 

lift coefficient, $ 

pitching-moment coefficient, -EL 
qsE 

total drag, lb 

height of quarter-chord point of root chord of wing above the 
@round, ft 

horizontal-tail 

total lift, lb 

lift-drag ratio 

incidence relative to the wing-chord plane, deg 

distance fram center-of-gravity location to pivot line of horizon- 
tal tail, ft 

total pitching moment about the center of gravity, ft-lb 

free-stream dynamic pressure, lb/sq ft 

wing axea, sq ft 

horizontal-tail srea, sq ft 

t&rust, lb 

horizontal speed, mph 

sinking speed, ft/sec 

airplane weight, lb 

lateral coordinate perpendicular to plane of symmetry, ft 

free-stream angle of attack with reference to the wing-chord plane, 
aw k 
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ag ground angle with reference to.th$.wing-chord plane, deg ¶ 

flap deflection, measured in a plane per@ndicul& 
deg 

A taper ratio, tip chord 
root chord 

MODELS 

to hinge line, 
.- 

,- 

* 

Drawings of the models are shown in figure 1, and figure 2 shows 
one of the models in the Ames 40- by BO-foot wind tunnel. The pertinent 
dimensional data are presented in table I and figure 1. 

The wings having taper ratios of 0.20 and 0.33 were obtained by 
removing portions of the tips of the aspect ratio 3 and 4 triangular 
wings, respectively, such that the resulting aspect ratio of each was 2. 
The airfoil sections of all the wings, taken parallel to the model center 
line, were NACA 0005 sections m&fied by using a straight-line fairing 
from the 67-percent-chord station to the‘trailing edge. The ordinates 
of the airfoil section are given in table II. A further modification to 
the airfoil section was necessary for the aspect ratio 3 triaagu~ wing 
and aspect ratio 2, -taper ratio 0.20 wing. This additional modification, 
required because of the construction technique used, was located a con- 
siderable distance back of the leading edge and, hence, should have 
insignificant effect on the low-speed characteristics. The details of 
the modification c&z1 be found in references 5 and 6. The models were 
all equipped with single-slotted trailing-edge flaps. The flapplan 
forms are shown in figure 1. Further detailed descriptions and dimensions 
of the models are given in references 1 through 6. 

TEST CONDITIONS AND CCELRECTIONS TO DATA 

The Reynolds numbers of the tests, based on the mean aerodynamic 
chord, are listed in table III for the five models. The dynamic pressure 
of the tests was approximately 25 lb/sq f-tand theMach number was 0.13. 

The data were corrected for wind-tunnel-wall effects- and support- 
- 

strut interference. 

RESULTS I 

The basic lift and drag characteristics of the five models, with and 
without the horizontal tails, are summarized herein. Although it is 

*- -- 

.- 

L 

-_ 
-. 
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beyond the scope of this report to analyze and discuss longitudinal 
stability, a limited smount of pitching-moment data for the five models 
is presented because of the influence of these data on trim lift snd drag 
characteristics. The pitching-moment data for the models without the 
horizontal tails sre referred to the quarter-chord point of the mean 
aerodynamic chord. In order to facilitate the discussion, the pitching- 
moment data for the complete models are referred to center-of-gravity 
locations for which a value of (dCm/dCL)cL = o of -0.06 was obtained 

for each model when the trailing-edge flaps and the horizontal tail were 
undeflected. The center-of-gravity locations for the five complete models 
are listed in table IV. 

Although all the models were tested with the horizontal tails located 
in various vertical positions, the data for the models with the horizontal 
tails included herein sre limited to the case of the horizontal tail in 
the extended wing-chord plane. This position of the horizontal tail has 
been shown to give the best longitudinal stability at low speeds for all 
the models. For further information see references 1, 3, 5, and 6. 

The basic lift, drag, and pitching-moment characteristics of the 
three trisngular-wing models snd three aspect ratio 2 wing models without 
the horizontal tails sre presented in figures 3 snd 4, respectively. The 
lift, drag, snd pitching-moment characteristics of the complete 
triangular-wing models and the aspect ratio 2 wing models are presented 
in figures 5 and 6, respectively. These data are presented for the 
models with the horizontal tails set at 0' incidence. 

DISCUSSION 

The discussion is divided into two main parts. The first part is 
concerned with an examination of the experimental data to show the effects 
of the various model configurations on imports& lift snd drag psrsmeters. 
In addition, comparisons of theoretical results tith corresponding experi- 
mental results are made where possible. Ln the second part of the dis- 
cussion, sn evaluation is made of the relative merits of the various 
models with respect to wing loadings and thrust required to maintain a 
given landing speed and Binking speed. 

Examination of Experimental Results and 
Comparison With Theoretical Results 

Lift due to angle of attack.- The effects of aspect ratio and taper 
ratio on the lift-curve slope at zero angle of attack of the triangular 
and aspect ratio 2 wing models are shown in figure 7- In addition to the 
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experiment&, variatfons shown for the wing-fuselage models, the theoreti- 
cal values of lift-curve slope for the wings alone as given by the theory 
of reference 7 are included. The theoretical wing-alone values were used 
for the comparison since, as shown by the emerimental results of refer- 
ences 8 and 3, the effect on the lift-curve slope of-the addition of a 
fuselage to aspect ratio 2 and 4 trfangulsr wings, respectively, was sman. - 
It therefore seems reasonable to--assume that the effect of the addition 
of the fuselage to the other three wings is also small. 

The correlation of the theoretical values of CLa tith the experi- 

mental. values indicates that the wing-al&e theory of reference 7 can be 
used to predict the effects of aspect ratlo and taper ratio on the lift- 
curve slopes of low-aspect ratio wing-fuselage configurations at low 
angles of attack. 

As will be noted from the basic liftcurves (figs. 3 and 4) for the 
vsrious models, the values of lift-curve slope at zero lift coefficient 
are not generally applicable in esttiating the lift at angles of attack 
required for landing. A measure of the depsrture of the lift-curve slope 
fro? Itiesrity is s$own by figure 8, wherein the ratio of 

CL! (CLJC 
1 L=o 

is plotted as a function of angle of attack. 

. 

k&Lx and OL for Cb*- Maximum lift coefffcient is only of 

minor interest for most of the wings because of the Urge angles of 
attack involved. Hence, no special effort was made to determine the 
values of C=, for all models, the only values determined being those 
for the aspect ratio 3 and 4 triangulsr egs. The values of CLmax 

and a for %max which were determined are shown in figure 9 along 

with values for an aspect ratio 2 wing alone obtain&d from reference 9. 

-. 

The value of C 
Lmax 

for the aspect ratio 2 wing alone is believed 

to be indicative of C 
Lmax 

for the wing-fuselage model; this belief is 

based on the data of fuselage effects which are given in reference 8. 
Small-scale tests on wing-alone models (refs. 10 and 11) indicate that 
the CL for trisngulsr wings would be'a msximum for the aspect ratio 2 
wings. For an aspect-ratio range above 4, the rate of change of CLmex 

with aspect ratio would be reduced. 

-. 

0. -- 

The effect of taper ratio on the C of aspect ratio 2 WFngs is 
. 

indicated by the shape of the lift curveeat the highest a's reached 
(see fig. &(a)). For these wings, CIlnU: would decrease with increasing 
values of taper ratio. 

-- 



NACA RM Asj3Dl4 

Lift due to flap deflection.- The variation of flap effectiveness 
tith aspect ratio of the triangular-wing models, end with taper ratio of 
the aspect ratio 2 models cannot be determined from the experimental data, 
since the flap plan form snd ratio of flap area to wing area was not the 
same for all models. It is possible, however, to compare the experimental 
and theoretical increments of lift due to flap deflection of each model 
to determine the applicability of theory. This comparison is provided 
in figure 10 where the increments of lift obtained at O" angle of attack 
for flap deflections of 40° sre compared with those computed by the theory 
of reference l2.l Also includedin figure10 are the eqerimental and 
computed increments of lift due to flaps obtained for two wing-alone, 
aspect ratio 2 wings. One of these wings had the slotted, constant- 
percent-chord flap used on the wing-fuselage model and extended to the 
wing center line. The second wing had a constant-chord, sealed, 
20-percent-wing area,plainflap with the flap deflected only loo (data 
from ref. 9). 

The theoretical values were determined by the following method: 
Although the simplified lifting-surface theory of reference 12 is for 
wings alone, it was applied to the win@;-fuselage combination, in which 
case the assumption was made that only the actual flap area was effective 
0 .e., the flap was not assumed to extend across the fuselage). The two- 
dimensional values.of the psrameter da/d8 shown ti figure XL were used 
for the calculation. 

The comparisons of the theoretfcal flap lift increments with the 
measured values show the following results: There is good agreement 
between the theoretical and experimental values for the triangulsz wings 
of aspect ratios 3 and 4; whereas, for all the wings of aspect ratio 2, 
the experimental values were about 20 percent'higher than the theoretical 
values. As noted in reference 12, this discrepancy is probably due to 
the use of values of do/d6 which were obtained in two-dimensional tests 
and applied to low-aspect-ratio wings which approach the lower limit of 
aspect ratios for which the b/d8 concept has been judged acceptable. 
The assumption that the flaps did not extend across the fuselage made in 
the cslculation of the increments of uft due to flap deflection is shown 
to be a good one by the results shown in figure 10, where the deviation 
of the increment of CL computed for the wing-alone and the wing-fuselage 
model having the constant-percent-chord flap are approximately the sme. 

Increments of lift at an angle of attack of O" do not always give 
a reliable indication of the flap effectiveness at the higher angles of 
attack. This is shown in ffgure 12 wherein the ratio of the ticrement 
of lift at each angle of attack to the increment of lift at O" angle of 
attack is plotted as a function of angle of attack. Up to an angle of 
attack of 16O, the ratios for the aspect ratio 2 wings were equal to or 
%L!he assumption was made in the calculation that the increment of lift 

due to flap deflection was linesr up to a flap deflection of 40°. The 
results of reference 1 show this to be the case for the aspect ratio 2 
trisngular wing. 
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greater than 1, while the ratio for the aspect ratio 3 and.4 wings 
decreased, so that at 16' angle of attack there were losses from the value 
of EL at a = 0' of approximately 20 percent and 4-O percent, respect- 
ively. 

Drag due to lift.- The span efficiency factor e is commonly used- . 
to compare the experimental and theoretical drag due to lift. -This 
psrameter is of little value for the present wings because the variation 
Of CD with CL2 for each of the wings was not linear, as has been the 
case for wings of conventional plan form. It appears that the best method 
of comparison for the present wings is on the basis of-the-degree of 
agreement between experimental and theoretical variations of CD with 
CL2. 

In order to indicate the degree of agreement, experimental and 
theoretical vsriations for the various models are given in figure 13. 
Two types of theoretical variations are shown. One variation, CD% with 
CL2 given by the theory of reference 7> i's for the condition of unsepa- 
rated or inviscid potential flow. The other variation, CL tan a with 
C 2, is for a condition of completely sepa$ated flow on the wing such 

ka t t the resultant force is normal to the chord plane. Both theoretical 
variations are for the wing alone with undeflected flaps, and the ellperi- 
mental variations shown sre for the wing-fuselage model with flap8 
undeflected snd deflected tie. The experiinental value of the drag coef- 
ficient at CL = 0, CDoJ for the models with undeflected flaps was assumed 
to be the profile drag through the lift rajlge. 

The degree of agreement between the experimental variation for each 
wing with undeflected flaps and the corre&onding two theoretical vari- 
ations is dependent upon the lift coefficient. Only at low lift coef- 
ficients (less than 0.2) was there good a@;reemeqt between experiment and 
the inviscid potential. theory. At the higher lift coefficients, which 
are of interest for low-speed flight, experiment and the ccsnpletely 
separated-flow theory are in closer agreement. This is indicated, for 
example, in the following table which gives ratios of experimental CD 
to the CD given by the separated-flow.theory, for a lift coefficient 
of 0.9: 

Wing model 

A, 45 A, 0 
A, 3; ht 0 
A, 2; h, 0 
A, 23 A, 0.20 

4 2; A, 0.33 

cDelcp/(cDo + CL tan a) 

0.91 
: .-. 82 

it35 

I ..-. 82 

090 

P 

=E 

.- 

_- 
i 
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Also of importance to note from the vsriations of CD with the 
square of CL -is the large effect of the flaps. At values of CL of 
interest for low-speed flight, large reductions in CD resulted from 
deflecting the flaps. These reductions of drag with the flaps deflected 
resulted from a variation of CD with the squsre of CL that was close 
to that given by the inviscid potentZal theory over a wider CL range 
than was the case for flaps undeflected. 

Trim lift and drag characteristics.- The effects of aspect ratio of 
the triangular-wing models, and taper ratio of the aspect ratio 2 wing 
models on trim CL tith a 6-percent static margin s.re shown in figures 
14 and 15, respectively; the aspect-ratio effects, and the taper-ratio 
effects on trim L/D sre shown ti figures 16 and 17, respectively. The 
effects shown are directly those of aspect ratio and taper ratio only for 
the flaps-undeflected case and for the given static margin. With the 
flaps deflected there were also effects of vary3ng the flap plan form 
and varying the ratio-of-flap srea to wing area. 

The loss in ACL at u = O" which resuits from trimoing out the 
increments of Cm due to flap deflection is shown in figure 18. For a 
6-percent static margin, the reduction in ACT at a = O" varied from 
approximately 15 percent for the aspect ratio 4 triangular-wing model 
to 24 percent for the aspect ratio 2 triengulsr-wing model. 

In order to eliminate the effects of differences in flaps, estfmates 
have been made of the trim lfft and drag characteristics of the models 
with flaps of the same plan form and same ratio-of-flap area to wing area. 
The assumed models had the ratios of dimensions of the components used 
for the triangular-wing models. Full-spsn, constant-chord., 20-percent- 
wing-area flaps were assumed. Increments of CL due to ho flap deflec- 
tion were computed by the use of the theory of reference 12 and corrected 
by factors established from the eqerimental data (e.g., ratios indicated 
by figs. 10, 12, and 18). 

The drag coefficients were computed in the following manner: The 
experimental increments of CD and CL2 obtained at a given angle of 
attack for a &O" deflectfon of the flaps of each model were used to corn- 
putethe drag due to lift. The nesr linear curve of &CD versus A(CL2) 
thus obtained was extrapolated to the higher CL's for the assumed flaps. 
An increment of drag coefficient due to land3ng gears was aso Included. 
For the type of gear considered. this Incremental drag coefficient varfed 
from 0.026 at a = O" to a value of zero at the maximum angle of attack 
and is based on unpublished data from the Ames 4-O- by 80-foot wind tunnel. 
The computed lift curves and llft-drsg ratios are shown in figures 19 and 
20, respectively. 

The effects of aspect ratio and taper ratio indicated by the esti- 
mated characteristics are qualitatively the same as those indicated by 
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the experimental characteristics for the actual flaps used. Since, how- 
ever, the areas of the assumed flaps were larger than the szeas of the 
tested flaps, there are quantitative differences, as are indicated by 
the following table which shows values of trimmed CL and L/D at an 
assumed lauding angle of attack of 16O. ; -. --. 

Model 
~eriment4 for 

actual flaps 

CL L/D 

A= 4,A=O 1.90 3.1 
A =3,h=O 1.21 3 .'2 
A= 2,h=O 1.04 2.9 
A = 2, A-= 0.20 1.22 3.1 
A = 2, h = 0.33 1.29 3.1 

Estimated for 
assumed flap& 

CL L/D 

1.37 2.7 
1.41 2.9 
1.27 2.4 
1.38 2.9 
1.45 2.7 

It is Luteresting to note that the aspect ratio 2, taper ratio 0.33 
wing had the highest value of C+- at the assumed landing angle of 
of attack. 

The values of C 
Ltria 

given for the same angle of attack are not 

necessarily indicative, however, of those for a given ground attitude 
because of ground effects and effects of finite values of sinking speed. 
Therefore, these effects till be considered in the following section of 
the report. 

L - .I 

Evaluation of Landing Performance of the Various Models 

Thfs section of the report compares the landing performance of the 
vszious models in term of attainable wing loading and the thrust reqtired 
to maintain a given landing speedsnd sinking speed. 

Relative merits of the models at a given landing speed and sinking 
speed.- A comparison of the plqdels.on a,basis of attainable ting loadings 
at various ground angles is shown in figure 21. The wing loadings were 
computed assuming the following conditions:. 

1. SinJdng speed Vv is zero) thus making the ground angle equal 
to the angle of attack. --b 

2. Horizontal speed Vh is 120 mph. 

39 Model is equfpped with the assumed 20-percent-area flaps 
deflected b". 
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4. Sufficient thrust to maintain the specified speeds is provided 
along sn axis formed by the intersection of the model plane of symmetry 
and the wing-chord plane. These thrusts are shown in figure 21 as required 
thrust per square foot of tig area versus wing loading. 

5. Static margin at CL = 0 is 6 percent. 

Included in figure 21 sre the wing loading and thrust curves for a 
tailless, aspect ratio 2.31, trisngulsr-wing model. The data for the 
tailless model were obtained from references 1 and 13. 

Up to sn angle of attack of l2.5', the aspect ratio 4 trisngular- 
wing model could csrry the highest wing losding and would require the 
least amount of thrust for those wing loadings. 
of attack from 12.5O to 1.80, 

In the range of angles 
the aspect ratio 2, taper ratio 0.33 model 

could carry the highest wing loadings,while it appears that at angles 
of attack higher than l8O, the aspect ratio 3 triangular-wing model would 
be able to carry the highest wing loadings. 

Throughout the angle-of-attack range the aspect ratio 2 trisngular- 
wing model with the horizontsJ tail was capable of carryFng from 20 to 
30 lb/sq ft more tig loading than the tailless model. In addition, for 
wing loadings above 30 lb/sq ft, the model with the horizontal tail 
required less thrust to maintain the specified flight conditions than did 
the tailless model. 

The fact that these comparisons are only for one specified low-speed 
flight condition should be borne %n mind. Any advantages of one con- 
figuration over another at this specified flight condition may be over- 
shadowed by comparisons of the characteristics at high speed. Another 
point is that these comparisons were made for an srbitrsrily chosen 
static margin of 6 percent for so models. Changes in static margin 
would alter the comparisons of the relative merits of the models. 

Effect of sinking speed.- One condition, neglected in the foregoing 
calculated results, that could make significsnt changes in the attainable 
wing loadings is the effect of sinking speed. The major effects of 
increasing the sinking speed, while holding the horizontal speed constant, 
would be reductions in the values of ag and T/S which would be required 
for a given wing loading. For a given sinking speed, the changes in 
ag and T/S for aU. the models would be approximately the s&me. As an 
example of the changes in ag and T/S tha.t would result from an -crease 
in sinking speed, the variation of attainable wing loadings and required 
thrusts sre shown in figure 22 for the aspect ratio 2 trisngulsr-wing 
model for three assumed sinking speeds. It will be noted that for a 
given wing loading, a 10 ft/sec increase in sfnkfng speed results in a 
reduction of cg of.approximately 3O and reductions of T/S from 
2 to 3 lb/sq ft. Since the max5mumwingloa&Sngamodelcouldcsxry, 
assuming no flare in the lanting procedure, 'is limited by the maximum 
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lift coefficient of that model, there would be no change in maxFmum tin@; 
loading due to a change in sinking speed:. 

Effect of proximity to the around.-' Another condition that could 
make a significant change in the attainable wing loading is the effect 
of proximity of the model to the ground,' or @;round effect. The effect 
of proximity to the ground was considered for the three triangular-wing 
models. The theory of reference 14 was used for the calculation of ground 
effect. The theory was substantiated by a limited comparison of emeri- 
mental (unpublished data) and calculated ground effects for low-aspect- 
ratio swept-wing airplane models. The following assumptions were made 
for the calculations: 

1. Height of the quarter chord of #he root chord above the ground 
is 7 feet. 

2. The downwash at the horizontal tail is- zero.since the tail is: 
in the protimfty of the ground. 

3. Flaps sre deflected ho and there is no change & flap effective- 
ness in the presence of the ground. ! 

4. The sinking speed V, is zero.' 

5* Horizontal speed Vh 3s I20 mph. '- 

6. Sufficient thrust is provided.-& maintain conditions 4 and 5 
above. I 

The results of these calculations for the triangular-wing models are 
given in figure 23 and show that the ground effect increases with decreas- 
ing aspect ratio. At 16O angle of attack the maximum wing loading of 
the aspect ratio 2 wing was increased from 52.5 to 58.8 lb/sq ft, a gain 
of 12 percent.' At the ssme angle of attack, the wing loading of the 
aspect ratio 3 wzLng was increased from 57.3 to 39.7 lb/sq ft, a gain of 
4 percent, while there was a slight loss for the aspect ratio 4 wing. 
As a result of the greater ground effect for the aspect ratio 2 wing thsn 
that for the aspect ratio 3 wing, the aspect ratio 2 triangular wing is 
capable of csrrylng wing loadings equal to those for the aspect ratio 3 
wing at sngles of attack above 18'. It is thus evident that, if a choice 
of an optimum configuration is to be made on the basis of the maximum 
possible wing loadings that could be carried at landing, the effect of the 
proximity of the ground should be determined for the configurations to 
be compared. . 

,* 
_ - -- 

.- 

m 
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CONCLUDING RDdAFKS 

13 

. The results of a covison of the lift and drag characteristics 
of five airplsne models having triangular or modified trisng@r wings 
indicate the follarlng: 

1. The effects of aspect ratio and taper ratio on the lift-curve 
slope at zero lift sre as predicted by theory, that is, increasing lift- 
curve slope with increas-lng aspect ratio for the trisngular wings and 
increasing lift-curve slope with increasing taper ratio for the aspect 
ratio 2 wings. 

2. Available theory csn be used to predict the increments of lift 
due to flap deflection at zero angles of attack for the aspect ratio 3 
and 4 wings. For the aspect ratio 2 wings, the expertiental increments 
of lift due to flap deflection were about 20 percent higher than the com- 
puted increments. 

3= For the three triangular %ings tested, the maximum lift coef- 
ficient decreased with increasdng aspect ratio. For the three aspect 
ratio 2 wings, a decrease in maximum lift coefficient with increastig 
taper ratio is indicated. 

4. The experimental variation of drag due to lift for the wings 
with undeflected flaps and the variations given by tiviscid potential- 
flow theory were in good agreement only up to a lift coefficient of about 
0:2. At higher l.3f-t coefficients, experiment and theory for completely 
separated flow are in closer agreement. For the subject wings at a lift 
coefficient of 0.9, the experimental drag coefficient varied from 82 to 
91 percent of the drag coefficient given by separated-flow theory. 
DeflectFng the flaps resulted in lsrge reductions In drag through the 
lift-coefficient range of Fnterest for low-speed flight. For this con- 
dition the eaerimental vsriation of drag with lift appears to be in 
much better agreement with the inviscid potential-flow theory than does 
the variation for the wing with flaps undeflected. 

The results of compsring the five complete airplane models on the 
basis of attainable wing loadings at various angles of attack show the 
following: 

1. The choice of a plan form that could carry the highest wing 
loading for any given landing speed would depend on the max3mum permis- 
sible ground attitude. Calculation of the wing loadings for a fixed 
horizontal speed of 120 mph and assuming no ground effect show that at 
the lowest angles of attack, the aspect ratio 4 trisngulsr wing could 
carry the highest wing loadings. Throughthemiddle andhfghrange of 
angles of attack, the aspect ratio 2, taper ratio 0.33 and aspect ratio 
3 triangular wings, respectively, could csrry the highest wing loadings. 
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2. The ground effect for the triangular wings Increases with decreas- 
ing aspect ratio, enabling the aspect ratio 2 triangular wing to equal the 
maximum w-loading capability of the aspect ratio 3 triangular wing at 
the higher angles of attack. - 
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TABLE I.- GEOMETRIC DATA Ol? MODELS 

NACA RM A53D14 

wings 
Aspect ratio 4 31 2 2 2 
Taper ratio 

3z.50 31$76 3120.50 
.20 -33 

Area, sq ft 277.77 
span, ft 35.36 30.65 25.00 32"t.g 23.57 E, f-t ~1.78 13.65 16.67 14:11 
Flap area (total mov- 37.43 37.43 37.44 37.43 xi 

able), sq ft 
Flap chord, ft or 1.96 1.96 0.2084c 1.96 1.96 

fraction c I 

Horizontal tails 

St/S 
bt/b 
2t/5 (moment center 

given in table IV) 
Aspect ratio 
Taper ratio 

0.246 0.245 0.246 0.255 0.271 
0521 .602 0738 l 752 .7@ 

1.735 1.550 1.161 1.584 1.716 

4.4 4.4 4.4 4.4 4.4 
.46 .46 .46 .46 .46 

I 
Fuselage : 

Length, ft 
Maximum diameter, f-t 
Fineness ratio 

56.16 
4.49 

5y; 5pg 

12.5 l2:5 l2:5 

Vertical tall 

Exposed mea, sq ft 52-57 52-57 
Aspect ratio 

52.57 5y7 
1 

521'57 
1 1 

Taper ratio 0 0 0 0 0 

-597 
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TABLE II.- COORDINATES aF TEE MODIFIXCI NACA 0005 SECTION 

2.50 ;:g 
10.00 
15.00 
20.00 
25.00 
30.00 
40.00 

. *-g-0$ 

67:oo 
70.00 
80.00 
go-00 

100.00 

Ordinate, 
SC 

0 
. '189 

1.089 
1.481 
1.750 
l-951 
2.228 
2.391 
2.476 
2.501 
2.419 
2.206 
l-902 
1.650 
l-500 
1.000 

-500 
0 

I L.E. radfus: 0.2755~ 

17 
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T&GE III.- RJZYNOLCJS NUMEBRSFORTHEVARIOUSMODl%CS 

Aspect ratio Taper ratio Reynolds number I 

0 

0 : 

0 I 

0.20 ; 

0.33 : 

10.~106 

~.8tio* 

14.6~10' 

13.0x106 . 

I 11.4x10* 

TABLEi IV.- CENTEB-OF-GRAVITY:LOCATIONSFORTHE 
VARIOUS MODELS WITH THE HORIZONTAL TAILS 

Aspect ratio Taper ratio 
Cen:er-of-gravity location, 

$5 

4 0 40.8 

3 0 43.6 

2 0 42.6 

2 0.20 36.9 

2 0.33 33.8 

. 
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Figure l.- Geometric details of the models. v 



Figure 2.- The s6pecLratio 4, triangular-wing model as mounted in the 
Ames b by &foot wind tunnel. 
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Figure 3.- &mgitudlnaJ. char.scterlstics of the three trlmguhr-wing models. Horizontal tail 
off; c.g., 0.25E. 
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Figure 3.- Concluded. 
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Figure4.-Longituainal.~har bit' ac r B lcs of the three aspect ratio 2 wing mah. Horizontal 
tail off; c*g., 0.2gc'. E 



I.6 

-.04 -.I2 -.I6 -.20 -24 49 ~32 -36 - 
PifChfhg - moment coefficient, Cm 

tb) CL va C, 

Figure 4.- Concluded. 



mm7 of attaca, a, atq 0 I .2 J .4 3 4 .7 3 .9 10 
Drag cdfkiwt, CD 

(4 CL vs a>% 

Figure 5.- LongitudLnaJ. characterjstics of the three triangular-vlng models with the horizontal 
~~- it, o"; &j&q) 
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Figure 5.- Conchded. 
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Figure 6.- Lmgibm cham&eri&ks of the three aspect ratio 2 wing modeka tith the 
horizontal t&s. it, 0'; (dCm/fEL)C 2 
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Figure 6.- Concluded. 
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Figure 7.- Variation of lift-curve slope at CL = 0 with aspect ratio 
and taper ratio for the trimgular and aspect ratio 2 wings. 
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Figure 8.- Variation tith angle of attack of the ratio of experimental lift coefficient to lift 
coefficient obtained by llse of lift-curve slope at zero lift. 
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Figure 9.- Variation with aspect ratio of maximun.~ lift coefficient, and 
angle of attack for maximum lift coefficient for the triangular-wing 
models. . 
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Figure lO.- Comparison of experimental ti theoretical increments 
lift due to flaps on a series of; lox aspect ratio wings. 
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Figure Il.- variation of au/a6 WI-El cf./ c which WBB used for the calculation of Increments 
of lift due to flaps. 
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Flgure l2.- Variation with angle of attack of the ratio of increment of lift due to flap 
deflection with the jllcrement of Uft, at zero angle of attack. 8f, 40'. 
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(a) Aspect ratio 4, triangsiLar wing. 

Figure 13.- Comparison of e~erlmental and computed drag a8 .s function of lift coefficient 
squared for the wing-fueuselsge m&As. 
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(b) Aspect ratio 3, triangular wing. 

mgure 13.- Continued. 
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(c) Aspect ratio 2, triangular wing. 

Figme 13.- Continued. 

Y 



.7 

.6 

.I 
.4 

CD 

.d 

.B 

.I 

0 

CL * 

(a) Aspect ratio 2, taper ratio 0.20, mcdified triangular uing. 

Figure 13.- contimted. 
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(e) Aspect ratio 2, taper ratio 0.33, modified triangular wing. 

Figure 13.- Concluded. 
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0 0 4 8 I2 20 24 28 32 
Angie of otfc?cA, II , t%g 

Figuze lb.- Lift characteristics of three trimmed triangul-m-wing 
airplane models. (dC,/d$,)cL = o> -0.06. 
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Figure 15.- Lift characteristics of three trlrmned aspect ratio 2 wing 
airplane models. mn/~&L = Of -o*of5* 
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Figure 16.- Variation of lift-drag ratios with lift coefficient of three 
trimmed triangular-wing Airplane models. b%n/ac,)cL 3 oj -0.06. 
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Figure 17.- Variation of lift-drag ratios with lift coefficient of three 
trimmed aspect ratio 2 Qing airplane models. (acm/d.&L = o> -0.~35. 
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Figure 18.- Effect of trlmmfng the models for a B-percent static margin 
on the increment of lift due to flaps. a, O"; tif, bO". 
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Figure lg.- Comp~ieo~~ of the computed lift characteristics of five 
trimmed airplane models having 20-percent wing axea, full-span, 
constant-chord flaps. Qr 40'; (dC"/acL)cL = 0' -o-06* 
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Lift coefficient, CL 

Figure 20.- Comparison of the computed lift-drag khtios of the lsnding 
configurations of five trimmed airplarie models having 20-percent 
wing area, full-span, constant-chord flaps. Gear down; 6f, 40'; 
@%I/~,), -0.06. I 

L = 0 
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Figure 21.- Maximum wWg loadings and thrusts requirea for six airplane moaels at a horizontal. 
speed of 120 miles per hour and zero sinking speeds. 
horizontal tails; (dcJcE,),, ~ o, -0.06. 
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Figure 22.- Effect of assumed sinking speed on the maximum WLng loadings aa thrusts required 
at 8 horlzont&l opeed of l20 tilee per hour. 
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Figure 23.~ Effect of proxbity to the ground on the maximum wing loading,s ma tlu-ust required. 
for the three triangular wing models at a horizontal epeea of 120 mlle~ per hour and zero 
hking speed. Gear dam; BP, ho; h, 7 ft; (d&/aC,),L = o, -o.@S. 


